(19) 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



■11! 

EP 1 186 634 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

13.03 2002 Bulletin 2002/11 

(21) Application number: 01121637 1 

(22) Date of filing: 1 2 09.2001 



(51) Intel 7 : C08L 77/00, C08L 77/06, 
C08L 77/02 



(84) Designated Contracting Slates: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Matsuoka, Hideharu 


NIC NIL PTSETR 


Tsukuba-Crty, ibaragi-Pref . (JP) 


Designated Extension Slates: 


* Sasaki, Shigeru 


AL LT LV MK RO SI 


Tsukuba-City, Ibaragi-Pref (JP) 




• Oka, Hicfeaki 


(30) Priority: 12,09.2000 JP 2000276350 


Tsukuba-City, Ibaragi-Pref, (JP) 


(71 ) Applicant: KURARAY CO r LTD 


(74) Representative; VOSSiUS & PARTNER 


Kurashiki-City Okayarna Prefecture 710 (JP) 


Siebertstrasse 4 




81675 Mttnchen (DE) 



(54) Polyamide resin composition 

(57) A polyamide resin composition is provided, 
which contains 1 00 parts by weight of a polyamide resin 
(A) that has dicarboxylic acid units (a) containing from 
60 to 100 mol% of terephthalic acid units and diamine 
units (b) containing from 60 to 100 moi% of C6-18 
aliphatic alkyienediamlne units, and from 1 to 100 parts 
by weight of a polybroroostyrene (B), in which from 0 6 



to 100% by weight of the polybrornostyrene (8) is a poly- 
bromostyrene having an epoxy group The polyamide 
resin composition has good flame retardancy, good 
chemical resistance, good surface appearance and 
good blistering resistance 
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Description 

[0001] The present invention relates Lo a polyamide resin composition and its moldings The polyamide resin com- 
position of the invention has good flame retardancy, good chemical resistance, good surface appearance and good 
5 blistering resistance, and is therefore favorable to applications that require Barne retardancy and good mechanical 
properties, for example, lo industrial materials, engineering materials, household utensils, components of elecLric and 
electronic appliances, automobile parts, etc 

[0002] As materials having good heat resistance, good chemical resistance, high stiffness, good abrasion resistance 
and good moldabiltty, aliphatic polyamides such as nylon 6 and nylon 66 are much used for engineering plastics In 

10 the field of electrics and electronics, engineering plastics are required to have high flame retardancy, and various 
methods of making them resistant to flames with various flame retardants have been proposed and put into practical 
use However, as aliphatic polyamides have the property of absorbing water, their moldings are often problematic in 
that their dimensions vary and therr physical properties worsen when they have absorbed water The recent tendency 
in the field of electrics and electronics that require flame retardancy is toward great development of surface mounting 

15 techniques (SIV1T), to which, however, conventional polyamide resins are now unsuitable since their heat resistance 
is unsatisfactory 

[0003] Given that situation semlarornatic polyamides of higher heat resistance which consist essentially of an aliphat- 
ic alkytenediamine and terephthalic acid are being used in the field of Oame-retardant electrics and electronics For 
example, in JP-A 239755/1991 , 98970/1992. 320503/1993 and 263985/1994 polyamide resin compositions are pro- 

20 posed that comprise a semiaromatic polyamide and a polybromostyrene serving as a flame retardant 

[0004] However, in the semiaromatic polyamide resin compositions containing such a polybromostyrene, the semi- 
aromatic polyamide is poorly compatible with the polybromostyrene, and therefore the flame retardant, polybromosty- 
rene coufd not well disperse in the res\r\ compositions As a result, the moldings of the polyamide resin compositions 
are often problematic in that their chemical resistance is low and their surface often peels and is roughened The 

25 problem is serious in colored moldings, as their roughened surface is whitish and looks bad 

[0005] Accordingly, the object of the present invention is to provide a polyamide resin composition and its moldings 
having good flame retardancy, good chemical resistance, good surface appearance and good blistering resistance 
[0006] It has been found that a polyamide resin composition having good flame retardancy^ good chemical resistance, 
good surface appearance and good blistering resistance can be obtained by adding a polybromostyrene having an 

30 epoxy group in the molecule to a semiaromatic polyamide. 

[0007] Specifically, the invention provides a polyamide resin composition comprising 100 parts by weight of a polya- 
mide resin (A) that comprises dicarboxylfc acid units (a) containing from 60 to 100 mol% of terephthalic acid units and 
diamine units (b) containing from 50 to 100 mol% of G6-18 aliphatic alkylenedfamlne units, and from 1 to 100 parts by 
weight of a polybromostyrene (B), In which from 0 5 to 100 % by weight of the polybromostyrene (B) is a polybromo- 

35 siy re ne having an epoxy group The invention also provides moldings of the polyamide resin composition 
£0008] Fig 1 is a graph o1 a temperature profile of test pieces heated in an IR furnace 
[0009] The invention is described in detail below 

[0010] The dicarboxylic acid units (a) that constitute the polyamide resin {A} for use in the invention contain from 60 
to 1 00 moi% of terephthalic acid units, preferably from 75 to 1 00 mof%, more preferably from 90 to 1 00 mol% thereof 
40 If the terephthalic acid unit content of the polyamide resin (A) is smaller than 60 mol%, the heat resistance of the 
resulting polyamide resin composition is low 

[001 1] The dicarboxylic acid units (a) may contain at most 40 mol% of any other dicarboxylic acid units than tereph- 
thalic acid units The other dicarboxylic acid units include, for example, units derived from aliphatic dicarboxylic acids 
such as maionic acid, dimethyimalonic acid, succinic acid, glutaric acid, adipic acid, 2-rnethyladipb acid, trimethyladiprc 

45 acid, pimelic acid, 2,2-dimethylglutaric acid. 3.3-dlethylsuccinic acid, azelaic acid, sebacic acid and suberic acid; ali- 
cyclic dicarboxylic acids such as 1 ,3*cyclopentanedicarboxylic acid and 1 ,4-cyclohexanedicarboxylic acid; and aro- 
matic dicarboxylic acids such as isophlhalicacid, 2,6-naphthalenedicarboxylicacid, 2,7maphlhalenedicarboxyltc acid, 
1,4-naphthalenedicarboxylic acid. 1 ,4-phenylenedloxydiacetlc acid, 1 ,3-phenylenedioxy-diacetic acid, diphenic acid, 
4,4'-oxydibenzoic acid, diphenylmethane^^-dicarboxylic acid, diphenylsulfone^.^-dbarboxylic acid and 4,4 , -biphe- 

50 nyldicarboxyfic acid The polyamide resin may contain one or more types of those additional units Of the additional 
units, preferred are those derived from aromatic dicarboxylic acids The additional dicarboxylic acid unit content of the 
polyamide resin is preferably at most 25 mot%, more preferably almost 10 mol% If desired, the polyamide resin may 
further contain units derived from polycarboxylic acids such as trimeilitic acid, trirnesic acid and pyromeilitic acid within 
a limited range within which the polyamide resin composition is moidable in melt 

55 [0012] The diamine units (b) that constitute the pofyamide resin (A) for use in the invention contain from 60 lo 100 
mol% of C6-1 8 aliphatic alkylenediamlne units , preferably from 75 to 100 mol%, more preferably from 90 to 100 mol% 
thereof If the C6-18 aliphatic alkylenediamine unit content of the polyamide resin (A) is smaller than 50 mol%, the 
properties including the heat resistance, the water absorption resistance and the chemical resistance of the resulting 
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polyamide resm composition are poor TTie C6-18 aliphatic alkylenediamine units include, for example, units derived 
from linear aliphatic alkyleneolammes such as 1 ,6-hexanediamine, 1 ,7-heptanediamine, 1 ,8-octanediamine. 1 9-non- 
anediamine, 1 ,10-decanediamine, 1 ,11-undecanediamine and 1 .12-dodecanediamine; branched aliphatic alkyienedl- 
amines such as 1 -buiyl-1 ,2-ethanediamine 1 , 1 -dimethyj-l 4*butanediamine, 1 -ethyl 1 ,4*butanediarnlne, 1 : 2-dimethyi~ 
5 1 ,4-butanediamlne, 1 ,3-dimethyM ,4-butanedlamine, 1 t 4-dimethyM : 4~butanedlamlne, 2,3-dimethyM ,4-butanedl- 
amine, 2-methyl-1 ,5-pentanediamine 3-memyl-1 : 5-pentanediamine, 2,5<fimethyl-1 ,6-hexanediamine, 2 4-dimelhyl™ 
1 ,6-hexanediamine, 3,3-dimeLhyl-l ,6-hexanediamine 2.2-dimethyM ,6-hexanediamme, 2,2,4-trimethyM ,6-hexanedh 
amine, 2,4,4-trimethyi™1 ( 6~hexanediarnine, 2,4-dielhyM ,6-hexanediarnine, 2,2-dimethyM ,7-heptanediamine, 

2.3- dimethyl-1 ,7-heptanediamine, 2A"dimethyl-1,7-heptanGdiamine, 2,S~dirneihyl-1 ,7-heptanediamine, 2-methyl- 
10 1 f B-octanediamine> 3-melhyl~1 ,6-octanediamine, 4»methyM ,8 oc£anediamine r 1 ,3-dirnethyM ,8-octanediamine, 

1 .4- dimethyl-1 .S-octanediamine, 2 t 4-dimethyM ,S-octanediarnine, 3,4-dirnethyl-1 ,8 -octanediamine : 4,5-dimomyl- 
1 ,8-octanediaminc, 2 ( 2-dimethyM ,8~octanediamine t 3,3-dimethyl- 1 ,8-octanediaminc, 4,4-dirncthyM : 8-octanedh 
amine and 5-methyM .9-nonanediamine The polyamide resin may contain one or more types of these units 
[0013} Of the aliphatic alkylenediamine units noted above, pro\ened are umts derived from 1 ^hexanediaminej 

is 1 ,8-octanediamine, 2-methyM 8-octanediamine t 1 ,9-nonanediamme, 1 ,1 0-decanedjamrne, 1 1 1 1 -undecanediamine 
and 1,12-dodecanediamine, and more preferred are 1 .9-nonanediamine units and/or 2-methyl-1 ,8-ocianediamine 
units Where 1 ,9-nonanediamine units and 2-melhyi-1 ,8-oclanediamine units are combined to be in the polyamide 
resin, it is desirable that the ratio by mof of 1. 9-nonanediamine units /2-methyl-1 .8-octanediamineunitsfalls between 
99/1 and t/99 more preferably between 95/5 and40/60 T even more preferably between 90/10 and 80/20 The polya- 

20 mide resin composition in which the polyamide resin contains 1 , 9-nonanediamine units and/or 2-rnethyi-1 ,8~octanedi- 
arnine units in the ratio defined above is preferred, as having better heat resistance, better moldabrlity, better water 
absorption resistance and better surface appearance 

[0014] The diamine units (b) may contain at most 40 mol% of any other diamine units than C6-18 aliphatic alkylen- 
ediamine units The other diamine units include, for example, units derived from aliphatic diamines such as ethylene- 

25 diamine, propanediamine and 1 ,4-butanediamine; alicyclic diamines such as cycJohexanediamine, metbylcyclohexan- 
ediemine, isophoronediamine, norbomanedimethyfamine and tricyclodecanedimethylamine; aromatic diamines such 
as p-phenylenedfamine, m-phenyienediamine, p-xylytenediamine t rrvxylylenediamine, 4 1 4 , -diammodiphenylmethane } 
4,4'-dFaminodiphenyl sulfone and 4,4'-diaminodiphenyl ether The polyamide resin may contain one or more types of 
these units The additional diamine unit content of the polyamide resm is preferably ai most 25 rnol%, more preferably 

so at most 1 0 rnol% 

[0015] Preferably, at least 10 % of the terminal groups in the molecular chains of the polyamide resin (A) lor use in 
the invention are blocked wjih a terminal-blocking agent More preferably, in the molecular chains of the polyamide 
resin (A) f the ratio of the terminal groups blocked with a terminal-blocking agent (degree of terminahbiocklng) Is at 
least 40 %, even more preferably at least 70 % The polyamide resin composition in which the polyamide resin has a 
35 degree of terminal-blocking of at least 1 0 % has better physical properties, for example, having better melt rnoidability 
and better surface appearance 

[0016] The degree of terminal-blocking in the polyamide resin (A) can be obtained by counting the number of the 
terminal carboxyl groups, ihe terminal amino groups and the terminal groups blocked with a terminal-blocking agent 
Concretely, it is derived from the following formula (1) In view of the accuracy and the easiness in the measurement 
<to operation, it is desirable that the number of the terminal groups in the polyamide resin is obtained through *H-NMR in 
which the data for the specific signals corresponding to the terminal groups are separately integrated 



Degree of Terminal-Blocking (%) = [(X - Y)/X] x 1 00 (1 ) 

wherein X indicates the total number of all terminal groups in the molecular chains of the polyamide resin {in general, 
this is equal to two times the number of the polyamide molecules), and 

Y indicates the total number of both the terminal carboxyl groups and the terminal amino groups in the molecular chains 
of the polyamide resin 

[0017] The terminal-blocking agent for use herein is not specifically defined, and may be any and every monofunc- 
tional compound reactive with the terminat amino or carboxyl groups in polyamides^ Preferred for it are monocarboxyiic 
acids and monoamines, since their reactivity is high and s^nce the terminals of polyamides are stably blocked with 
them. More preferred are monocarboxyiic acids, as they are easy to handle In addition, also usable are acid anhydrides 
such as phlhalic anhydride, as well as monoisocyanates, mono-acid halides, monoesters and monoalcohots 
[0018] The monocarboxyiic acids herein usabfe for the terminal-blocking agent are not specifically defined, provided 
that they are reactive with amino groups For example, they include aliphatic monocarboxyiic acids such as acetic acid, 
propionic acid, butyric acid, valeric acid, caproic acid, caprylic acid, lauric acid, tridecanoic acid, myristic acid, palmitic 
acid t stearic acid, pivalic acid and isobutyricacid; alicyclic monocarboxyiic acids such as cyclohexanecarboxyHc acid; 
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aromatic monocarboxyfic acids such as benzoic acid, toiuic acid, tt-naphthalenecarboxylic acid, fl naphthalenecarfaox- 
ylic acid methytnaphthalenecarboxyfic acid and phenylacetic acid; and mixtures of any of them Of those, preferred 
are acetic acid, propionic acid, butyric acid, valeric acid caproic acid, caprylic acid, lauric acid, tridecanoic acid, myristic 
acid ( palmitic acid, stearic acid and benzoic acid, in view of their reactivity and costs and of the stability or trie biocked 
s terminals 

[001 9] The monoamines herein usable for the terminal-blocking agent are not also specifically defihed, provided that 
Ihey are reactive with carboxyi groups For example, they include aliphatic monoamines such as melhylamine, ethyl- 
amine : propylamine, buiylamine hexylamine, ociylamine. decyiamine, stearylamine, dimethylamine, dletbylamine, 
dipropylamine and dibutylamine; aiicydic monoamines such as cyclohexylamine and dicyclohexylamine; aromatic 

10 monoamines such as aniline, toiuidine, diphenylamine and naphihylamine; and mixtures of any of them Of those, 
preferred arc butylaminc, hexyiamino, ociylamine, decyiamine, stearylamine, cyclohexylamme and aniline, since they 
are highly reactive and inexpensive and have a high boiling point and since the blocked terminals are stable. 
[0020] The polyamlde resin (A) for use in the invention can be produced by any method known for producing crys- 
talline polyamides For example, it may be produced by a method of solution polymerization or interf acial polymerization 

75 starting from acid chlorides and diamines, or by a method of melt polymerization, solid-phase polymerization or melt- 
extrusion polymerization starting from dicarboxyNc acids and diamines 

[0021] Concretely, one example of the process for producing the polyamide resin (A) is as follows A diamine, a 
dicarboxyiic acid, a catalyst and optionally a terminal-blocking agent are fed into a reactor all at a time to prepare a 
nylon salt; then it is polymerized under heat at 200 to 250°C to give a prepoiymer having an intrinsic viscosity [rj] in 

so concentrated sulfuric acid at 30°C of from 0 1 to 0 6 dl/g; and finally it is further polymerized in a solid phase or through 
extrusion in meJt to a polyamide resin The process in which the prepoiymer formed has an intrinsic viscosity \r\] falling 
between 0 1 and 0 6 dl/g is preferred, since the molar balance of the carboxyi group and the amino group in the latter- 
stage polymerization of the prepoiymer fs good and since the polymerization speed is not lowered Having these ad- 
vantages, the process therefore enables production of polyamide resins having narrower molecuiar weight distribution 

25 and having better physical properties and better moldability In the casewhere the final polymerization is effected in a 
solid phase, it is desirable that the reaction pressure is reduced or an inert gas flow Is introduced into the reaction 
system Also preferably, ihe reaction temperature is controlled to fall between 200 and 28CTC for further increasing 
the polymerization speed In that manner, the productivity is increased and the polyamide resins produced are effec- 
tively prevented from yellowing or gelling For the melt-extrusion polymerization in the final stage, the polymerization 

30 temperature is preferably not higher than 370°C If this condition is met, the polyamide resins produced are hardly 
degraded , and are good 

[0022] in producing the polyamide resin (A), a catalyst may be used in addition to the above-mentioned terminal- 
blocking agent For example, the catalyst includes phosphoric acid, phosphorous acid, hypDphosphorous acid, and 
their salts and esters The salts and esters Include, for example, salts of phosphoric acid, phosphorous acid or hypo- 
35 phosphorous acid with a metal such as poiassium : sodium, magnesium, vanadium, calcium, zinc, cobalt, manganese, 
tin, tungsten, germanium, titanium or antimony; ammonium phosphate, phosphite or hypophosphite, as well as 
C 1ll18 aikyl or C 6 . 18 aryl (eg ethyl, isopropyl, butyl, hexyl, isodecyl, octadecyl, decyl, stearyl, or phenyl) phosphate, 
phosphite or hypophosphite 

[0023] Preferably, the intrinsic viscosity [\\] of ihe polyamide resin (A) for use in the invention, measured in concen- 
J0 trated sulfuric acid at 30°C 1 falls between 0 4 and 3 0 dl/g, more preferably between 0 5 and 2 0 dl/g, even more 
preferably between 0 6 and 1 5 dl/g The preferred polyamide resin (A) of which the limiting viscosity falls within the 
defined range as above gives preferred moldings having better mechanical properties and better heat resistance 
[00241 The polyamide resin compositions of the Invention contain a polybromostyrene (B) as another constituent 
ingredient in addition to the above-mentioned polyamide (A), in which from 0 5 to 100 % by weight of the polybromo- 
45 styrene (B) is a polybromostyrene having an epoxy group (this is hereinafter referred to as "epoxy-containing poiybro- 
mostyrene") The polybromostyrene for use in the invention includes those obtained by polymerizing a styrene mon- 
omer to give a polystyrene followed by brominating the polystyrene; and those obtained by polymerizing a bromostyrene 
monomer 

[0025] For the epoxy-containing polybromostyrene, preferred is a polybromostyrene that contains epoxy-containing 
so monomer units Suitable epoxy-containing monomer units are, e g ethylenicaHy unsaturated monomers having 4 to 
20 carbon atoms, preferably 4 to 10 carbon atoms The mpnomer units are, for example, those derived from glycidyl 
acrylate, glycidyl methacrylate, glycidyl itaconate, ally! glycidyl ether, 2-methylallyl glycidyl ether, styrene-p -glycidyl 
ether, 3,4-epoxybutene, 3 f 4-epoxy-3-methyl-1-butene f 3,4-epoxy-3"methyl-1-pentene ( 5,8-epoxy-l-hexene, vinylcy- 
clohexene monoxide and p-glycidylstyrene CM those, preferred are units derived from glycidyl acrylate and glycidyl 
55 methacrylate The polybromostyrene may contain one or more of these monomer units 

[0026] The epoxy-containing monomer unit content of the epoxy-containing polybromostyrene preferably falls be- 
tween 0 05 and 20 mol%, more preferably between 0 1 and 20 mor%, even more preferably between 0 5 and 20 mol% 
of ah the structure units of the polybromostyrene If the epoxy-containing monomer unit content thereof is smaller than 
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0 05 mol% the epoxy-containing polybromostyrene fs poorly compatible with the polyamide resin (A) If so T the resulting 
polyarnide resin composition will be no! good since its mechanical properties are not good and the appearance of its 
moldings is not good On the other hand if the epoxy-containing monomer unit content of the polybromostyrene is 
larger than 20 moi%, the melt viscosity of the polyamide resin (A) mixed with the polybromostyrene will increase 
[0027] The polybromosLyrene that containsepoxy-containing monomer units such as shose mentioned above can be 
produced; for example according to <1> a method thai comprises polymerizing a styrene monomer to prepare a 
polystyrene then b nominating the polystyrene . and thereafter adding an epoxy-containing monomer to it; <2> a method 
that comprises polymerizing a styrene monomer to prepare a polystyrene then adding an epoxy-containing monomer 
to the polystyrene and thereafter brominaling the resulting polymer; <3> a method that comprises copotyrnerizing a 
styrene monomer with an epoxy-containing monomer and then brominating the resulting polymer; <4> a method that 
comprises polymerizing a bromostyrone monomer to prepare a bromostyrenc polymer, and then adding an cpoxy- 
containing monomer io ihc polymer; or <5> a method that comprises copolymerizing a bromostyrone monomer with 
an epoxy-containing monomer In these methods, the copolymerrzalion may be effected by random copolymerization, 
block copolymerization or alternate copolymerization Of these methods of producing epoxy-containing polybrornosty- 
renes. preferred are the methods <1> <d> and <5> in view of the thermal stability of the products; and more preferred 
are ihe methods <4> and <5> 

[0028] The proportion ot the epoxy-containing polybromostyrene in the polybromostyrene (S) fails between 0 5 and 
100 % by weight but preferably between 5 and 100 % by weight, based on the total weight of the polybromostyrene 
(B) If the polybromostyrene is contained so that the proportion of the expoxy-containing polybromostyrene falls within 
the range as above Ihe polyamide resin composition has good chemical resistance and its moldings have good surface 
appearance 

[0029] Preferably, the molecular weight ot the polybromostyrene (B) falls between 5 000 and 500 000. more prefer- 
ably between 1 0.000 and 400 000 If the molecular weight of the polybromostyrene (B) is smaller than 5 000 the heat 
resistance of the polyamide resin composition containing the polybromostyrene {B) might be low; but it larger than 
500.000. the melt viscosity thereof might be high . 

[0030] Preferably, the bromine content of the polybromostyrene (B) falls between 50 and BO % by weight, more 
preferably between 55 and 75 % by weight If its bromine content is smaller than 50 % by weight, a large amount of 
the polybromostyrene (8) might have to be added to Ihe polyamide resin composition so that the resin composition is 
satisfactorily resistant to flames, and it might worsen the mechanical properties of the resin composition On the other 
hand, if the bromine content of the polybromostyrene (B) therein is higher than SO % by weight, the heat resistance of 
the polyamide resin composition tends to be low 

[0031] The polyamide resin composition of the invention contains from 1 to 100 parts by weight of the parybromo- 
styrene (B) . relative to 1 00 parts by weight of the polyamide resin (A) therein Preferably, it contains from 1 0 to 80 parts 
by weight of the polybromostyrene (B) If the content of the polybromostyrene (B) therein Is smaller than 1 part by 
weight, the flame retardancy of the polyamide resin composition lends to be low;bul if it fs larger than 100 parts by 
weight, the chemical resistance, the mechanical properties and the thermal properties of the polyamide resin compo- 
sition tend not to be good 

[0032] In the polyamide resin composition of the invention, it is desirable that the polybromostyrene (B) is dispersed 
in the polyamide resin (A), forming a dispersed phase having a mean dispersion particle size of at most 3 |im in the 
continuous phase of the polyamide resin More preferably, the mean dispersion particle size of the dispersed phase 
is at most 2 fim In the composition, the phase of the polyamide resin and that of the polybromostyrene may be com- 
pletely mixed with each other to forma uniform phase Injection moldings of the resin composition in which the mean 
dispersion particle size of the dispersed phase falls within the defined range as above are prevented from being rough- 
ened on their surface, and when colored, they are prevented from being whitish 

[0033] If desired the polyamide resin composition of the invention may contain a ffame-retardant synergisl (C) and/ 
or a filler (D) 

[0034] The flame-retardant synergist (G) includes, for example antimony trioxide. antimony pentoxide. sodium am 
Umonate sodium hydroxide, tin oxide, zinc stannate. zinc oxide, iron oxide magnesium hydroxide calcium hydroxide 
zinc borate : kaolin clay and calcium carbonate The resin composition may contain one or more of them These flame- 
retardant synergists (C) may be treated with any of silane couplers and titanium couplers Of the above, preferred are 
zinc borate and zinc stannate The amount of the Hame-retardant synergist (C) that may be in the resin composition 
preferably falls between 0 1 and 50 parts by weight, more preferably between 1 and 30 parts by weight, relative to 100 
parts by weight of the polyamide resin (A) in the resin composition Containing such a flame-retardant synergisl. the 
polyamide resin composition ensures better flame retardancy even though its flame retardant content is small 
[0035] The polyamide resin composition of the invention may optionally contain a filler (D) In this the filler (D) may 
be in any form of fibers powders or cloths 

[0036] The fibrous filler includes for exampte, organic fibrous fillers such as full-aromatic polyamide fibers and full- 
aromatic liqurd-crysta! polyester fibers, for example polyparaphenylene-terephthalamide fibers, polymetaphenylene- 
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ierephlhalarnide fibers polyparaphenylene-isophthalamide fibers, pofymetaphenyleneisophthalamide fibers, and fib- 
ers obtained from condensates of diaminodiphenyl ether and terephthaltc or isophlhalic acid; and inorganic fibrous 
f Hiers such as glass fibers carbon fibers and boron fibers Adding such a librous filler to the polyamide resin composition 
of the invention is desirable since the mechanical strength of the moldings of the composition is enhanced and in 

s addition the dimensional stability and the water-absorption resistance thereof are afso enhanced Preferably, the mean 
length of Ihe fibrous filler fails between 0 05 and 50 mm More preferably, fl falls between 1 and 10 mm : since Ihe 
moldability of ihe polyamide resin composition containing the filler is much improved and, in addition, the sliding prop- 
erties the heal resistance and the mechanical properties of the moldings of the composition are also improved The 
fibrous tiller may be fabricated into cloths 

10 [0037] The powdery filler includes for example, silica silica-alumina . alumina, titanium oxide zinc oxide boron 
nitride, laic mica, potassium titanate, calcium silicate, magnesium sulfate, aluminium borate asbestos glass beads 
carbon black, graphic, molybdenum disulfide and polytcfraf/uoroethyfcnc Preferably, the powdery filler has a mean 
particle size of from 0 1 to 200 [xrr\ more preferably from 1 io 100 jam The powdery filler improves the dimensional 
stability the mechanical properties the heat resistance, the chemical properties the physical properties and the sliding 

15 properties of the moldmgs of Ihe polyamide resin composition containing it 

[0038] Tor the filler (D) one or more of the substances mentioned above may be used either singly or together 
Preferably the amount of the filler (D) thai may be in the polyamide resin composition of the invention falls between 
0 1 and 200 parts by weight, more preferably between 0 1 and 150 parts by weight, even more preferably between 0 5 
and 100 parts by weight relative to 100 parts by weight of the polyamrde resin (A) in the composition The polyamide 

20 resin composition containing the filler within the defined range as above has better rnoidabiiity and better mechanical 
properties In order to improve its dispersibility in the polyamide resin, me filler Is preferably subjected to surface treat- 
ment with any of silane coupling agents titanium coupling agents, or other highmolecuiar or low-molecular weight 
surface-treating agents 

[0039] The polyamide resin composition of the invention may optionally contain any of acid catchers such as hy- 
25 drotalcite; other different types of polymers such as polyphenylene sulfides ; poiyolefins polyesters aliphatic poiya- 
mfdes, polyphenylene oxides and Hqu id-crystal polymers; colorants; UV absorbenis; fight stabilizers: antioxidants such 
as hindered phenols thio compounds phosphorus-containing compounds and amines; antistatic agents; nucleating 
agents; plasiicizers; mold release agents: and lubricants 

[0040] The polyamide resin composition of the invention can be produced by mixing the polyamide resin (A), the 
30 poiybromostyrene (B) t and optional ingredients such as fiame-retardant synergist (C) and fiiier (D)< and other optional 
additives such as those mentioned above For producing it, for example, employed is a method of adding the poiybro- 
mostyrene (B) to the reaction system in which the polyamide resin (A) is prepared through polycondensation; a method 
of blending the polyamide resin (A), the poiybromostyrene (B) and oiher optional Ingredients all in dry; or a method of 
kneading them in melt in an extruder In general, the method of kneading them In melt in an extruder is preferred For 
3S this the extruder is preferably a twin-screw extruder, and the temperature at which ihey are kneaded in melt preferably 
falls between 280 and 340°C 

[0041] The polyamide resin composition of the invention may be molded into moldings of different shapes in any 
ordinary molding methods generally employed for molding ordinary thermoplastic resin compositions, for example . 
through injection molding extrusion molding, press molding, blow molding, calender molding or cast molding For 

40 example, to obtain moldings of a predetermined shape, the polyamide resin composition is melted in the cylinder of 
an injection-molding machine which is so controlled that its cylinder temperature may fall between the melting point of 
the polyamide resin and 330°C and then Introduced (injected) into the moid oi a predetermined shape in the machine 
To obtain fibrous moldings, the polyamide resin composition is melted in an extruder which is so controlled that its 
cylinder temperature may fall within the defined range as above and then spun out through the spinneret nozzle of 

45 the extruder To obiain film or sheet moldings, the polyamide resin composition is melted in an extruder which is so 
controlled that its cylinder temperature may fall within the defined range as above and is thenextruded out through the 
T-die of the extruder The moldings thus produced according to the methods as above may be coated with paint, metal, 
or other different types of polymers to form a coating layer on their surfaces 

50 EXAMPLES 

[0042] The invention is described in detail with reference to the following Examples. which, however are not intended 
to restrict the scope of the invention in the Examples, the mean dispersion particle size of the flame retardants used, 
and the flame retardancy the chemical resistance and the blistering resistance of the samples produced were measured 
55 and tested according to the methods mentioned below 
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Mean dispersion particle size of organic halogen compound: 



[0043] A molded sample to be tested is frozen and cut t and its cut surface is etched in chloroform at 80°G for 1 hour. 
Thus etched, the surface is observed with a scanning electronic microscope, and Its SEM pictures are taken. On the 
s picture, the dispersion particle size, d, and the number of particles, n, are read, and the mean particle size ofthe dis- 
persed phase is obtained according lo the Mowing equation 

Mean Particle Size = (Id 4 n) / (£d 3 -n) 

10 

Flame rclardanc y; 

J0044] This is measured according to the UL-94 Standards in the manner mentioned below A test piece of 1 mm 
thickness which was prepared through injection molding is vertically fixed with its top end being clamped Its bottom 

15 end is exposed to a predetermined flame for 10 seconds, and then separated from it The burn time of the test piece 
is read {first test) After the test piece has been spontaneously extinguished, its bottom end Is again exposed to the 
flame, and then separated from it, and the burn time of the test piece ts read (second test) Five test pieces of one 
sample are subjected to the same flame test in that manner as above Five data of the burn time in the first test and 
five data thereof in the second test, that is ; 10 data of one sample are thus obtained The total of those 10 data is 

20 represented by T; and the maximum value thereof is by M The samples of which T is up to 50 seconds and M is up 
to 1 0 seconds, which did not burn to the clamped top end, and of which the burnt me^t of the test piece having dropped 
onto a cotton cloth (this is disposed at a position 12 inches below the test piece) did not ignite the cotton cloth rank as 
the class "V-O" ; the samples of which T is up to 250 seconds and M is up to 30 seconds and which are the same as 
those of "V-0" for the other matters rank as the class "V-1" ; and the samples of which T is up to 250 seconds and M 

25 is up to 30 seconds, which did not burn to the clamped top end, but of which the burnt melt of the test piece having 
dropped onto a cotton cloth (this is disposed at a position of 12 inches below the test piece) ignited the cotton cloth 
rank as the class "V-2", 

Chemical resistance (in view of the mech anical property ^ 

[0045] JIS No 2 test pieces obtained through injection molding are dipped in methylene chloride for 168 hours After 
having been thus dipped, the tensile strength of each test piece is measured according to the tensile strength test 
method of ASTM D638 

35 Chemical resistance (in view of the appearance of the tested samples): 

[0046] JIS No 2 test pieces obtained through injection molding are dipped in methylene chloride for 168 hours After 
having been thus dipped, the appearance of each test piece is visually checked The samples with no surface change 
are good "O"; and those of which the surface turned whitish are bad "x" 

40 

Appearance of Moldings: 

[0047] Moldings having a s\z& of 10 cm (length) x 4 cm (width) x 1 mm (thickness) are prepared through injection 
molding, and their appearances (color, surface condition) are visually checked The samples not turned whitish and 
45 having a smooth and good surface condition are "good" ; and those turned whitish or having a rough and bad surface 
condition are "bad" 

Blistering resistance: 

50 [0048] yoidings having a size of 0 5 mm (thickness) X 10 mm (width) X 30 mm (length) are prepared through 
injection mofding, and conditioned at 40°C and 50 % RH for 72 hours These are reflowed in an iR furnace (Sanyo 
Seiko's SMT Scope), for which the temperature profile is as in Fig 1 A temperature sensor is fitted to the sample 
tested, with which the temperature profile of the sample is read In Fig 1 r the monitored peak temperature faffs between 
240°C and 270 a C, and the sample is monitored at intervals of 5°C After the reflow test, the appearance of the samples 

55 is checked The critical temperature at which the sample tested is neither melted nor blistered is the blistering-resistant 
temperature of the sample Blistering is meant to indicate that the surface of the sample tested is swollen to have 
blasters The samples which changed at a temperature lower than 250°C are bad *x"; those which changed at a tem- 
perature falling between 250 and 260°C are average "A"; and the others are good "O" 
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[0049] In the following Examples, Comparative Examples and Reference Examples, the polyamide restns used are 
as follows: 

PA9MT: 

5 

[0050] This is a polyamide resin in which the dicarboxylic acid units are alt terephthalic acid units and the diamine 
units are comprised of 1 ,9-nonanediamine units and 2 -methyl- 1 ,8-octanediamme units (in a molar ratio of 1 ,9-nonan- 
ediamtoe units/2-methyM ,8-octanediamine units of 85/1 5), and which has an intrinsic viscosity [r|] of 1 00 dl/g, a melting 
point of 308°C and a degree of terminal-blocking of 90 % (with a terminal-blocking agent benzoic acid) 

10 

PA6IT: 

[0051] This is a polyamide resin in which the dicarboxylic acid units are composed of terephthalic acid units and 
isophthaiic acid units (in a molar ratio of terephihaib acid unite/isophthalic acid units of 60/40) and the diamine units 
15 are ail 1 ,6-hexanedramine units, and which has a melting point of 312°C, an intrinsic viscosity [t|] of 1 02 dl/g and a 
degree of terminal-blocking of 91 % (with a terminal-blocking agent benzoic acid) 

Examples 1 to 5; 

20 [0052] The polyamide resin as above was premixed with a polybromostyrene containing 2 0 mol% of glyctdyi meth- 
acrylate added thereto (this is hereinafter referred to as ''GMA-PBrS"), a polybromostyrene (Great Lakes Chemical's 
PBS-64 - this is hereinafter referred to as "PBrS") t zinc borate (Borax's Fire Break 415), a mixture of sodium oxide and 
antimony pentoxide (Nissan Chemical's Sun-Epoc NA-1 070L), zinc stannate (Nippon Light Metal's FLAMTARD-S) and 
glass fibers (Nitto Boseki's CS-3J -2565), in the ratios indicated in the following Table 1 . The resulting mixture was fed 

25 into a twin-screw extruder (Nippon Seikosho's TEX44C), kneaded in melt at a cylinder temperature of 320*0, extruded 
out, then cooled and cut into pellets of the polyamide resin composition The pellets were molded in an injection molding 
machine (cylinder temperature 330 Q C; mold temperature 150°C), and the resulting moldings were tested according to 
the methods mentioned above The test results are shown in Table 1 

oo Comparative Examples 1 and 2: 

[0053] In the same manner as in Examples 1 To 5, the components except GMA-PBrS were mixed in the ratios 
indicated in Table 1 below, and peNetlzed Into pellets of the polyamide resin composition The pellets were molded In 
an injection molding machine (cylinder temperature 330°C; mold temperature 150°C), and the resulting moldings were 
35 tested according to the methods mentioned above. The lest results are shown in Table 1 

Comparative Example 3: 

[0054] PA66 (Asahi Chemical's Leona 1300S) was pre-mixed with GMA-PBrS, a mixture of sodium oxide and anti- 
Jo mony pentoxide (Nissan Chemical's Sun-Epoc NA-1Q70L) and glass fibers (Nitto Boseki's CS-3J-256S) in the ratios 
indicated in Table 1 below The resulting mixture was fed into a twin-screw extruder (Nippon Seikosho's TEX44C) f 
kneaded in melt at a cylinder temperature of 280 C C, extruded out, then cooled and cut into pellets of the pofyarnide 
resin composition The pelleis were molded in an injection molding machine (cylinder temperature 280°C; mold tem- 
perature 80°C), and the resulting moldings were tested according to the methods mentioned above The tesi results 
45 are shown in Table 1 
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[0055] From the results shown in Table 1 above, It is understood that the polyamide resin compositions of Examples 
1 to 5, which contain a s em [aromatic polyamide and an epoxy-containing polybromostyrene in the ratio defined in the 
invention, are better than those of Comparative Examples 1 and 2, which do not contain an epoxy-containing poiybro- 
rnostyrene, in thai me mean dispersion particle size of the dispersed phase in them is small and that their chemical 
5 resistance and surface appearance are extremely good 

[0056] In addition, it is also understood thai the polyamide resin compositions of Examples 1 to 5 are belter Lhan 
(hat of Comparative Example 3 which contains an aliphatic polyamide resin and not a semiaromatic polyamide resin, 
in thai their chemical resistance and blistering resistance are extremely good 

[0057] The present invention thus provides excellent polyamide resin compositions and their moldings which have 
io good flame retardancy, good chemical resistance, good surface appearance and good blistering resistance 

[0058] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from tho spirit and scope thereof 
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Claims 



1 . A polyamide resin composition comprising 1 00 parts by weight of a polyamide resin (A) that comprises dlcarboxy lie 
acid units (a) containing from 60 to 1 00 mol% of terephthalic acid units and diamine units (b) containing from 60 
20 to 1 00 mol% of C6-18 aliphatic alkylenediamine units, and from 1 to 100 parts by weight of a polybromostyrene 

(B), m which from 0 6 to 1 00 % by weight of the polybromostyrene (B) is a polybromostyrene having an epoxy group 



... The polyamide resin composition as claimed in claim 1 , wherein the C6-1 8 aliphatic alkylenediamine units consti- 
tuting the polyamide resin (A) are 1 ,9-nonanediarnine units and/or 2-methyl- -1 .B-octanediamine units 

3. The polyamide resin composition as claimed in claim 1 or 2, wherein the polyamide resin (A) has an intrinsic 
viscosity of from 0 4 io 3 0 dl/g 

4* The polyamide resin composition as claimed in any one of claims 1 io 3, which further contains from 0 1 to 50 
so parts by weight of a flame-ietardant synergist (G) and/or from 0 1 to 200 parts by weight of a filler (D), relative to 

1 00 parts of the polyamide resin (A) in the composition 

5. Moldings of the polyamide resin composition of any one of cla/ms 1 to 4 

35 
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